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Description 



[METHOD OF MANUFACTURING 
PHOTODIODE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93109688, filed April 8, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of manufactur- 
ing a photodiode. More particularly, the present invention 
relates to a method of manufacturing a photodiode that 
utilizes a chemical vapor deposition process instead of an 
ion implantation process to form the depletion region of a 
P-N junction. 

[0004] Description of Related Art 

[0005] Due to the rapid progress in the electronic industry, man- 
ufacturing techniques from different areas such as data 
transmission, consumer recreation and mobile communi- 



cation are often integrated together to provide a multi- 
media function. In particular, multi-media imaging tech- 
niques are now mostly mature and have a wide range of 
applications. As the need for processing images continues 
to increase, photosensitive chips are once again in great 
demand in the market. The two most common types of 
photosensitive chips in the current market include the 
charge-coupled device (CCD) and the complementary 
metal-oxide-semiconductor (CMOS) image sensor. 
[0006] Although most CCD image sensor has a higher immunity 
against noise interference and a better image quality, it 
has a lower response speed to external change and inca- 
pable of integrating with other system support chip. On 
the other hand, the CMOS image sensor is formed by us- 
ing a CMOS fabrication technique. Hence, the CMOS image 
sensor not only requires less power to operate than a CCD 
chip, but can also integrate with other MOS devices. Fur- 
thermore, as CMOS fabrication technique matures, pro- 
duction cost is also lowered. Nowadays, CMOS image sen- 
sors have found a range of applications inside various 
cost sensitive communication and consumer electronic 
products. 

[0007] A typical CMOS image sensor mainly includes a photodi- 



ode and a metal-oxide-semiconductor (MOS) transistor. 
Tlie pliotodiode has a P-N junction with a depletion re- 
gion that is sensitive to illumination such that a current 
passing the photodiode can be used as a signal indicating 
the intensity of illumination as well as the background 
noise when the photodiode is in total darkness. Through 
the signal/noise ratio of the current, the variation of ex- 
ternal light intensity can be gauged. 
[0008] Fig. 1 is a schematic cross-sectional view of a portion of a 
conventional photodiode. As shown in Fig. 1, the photodi- 
ode has a silicon substrate 102 having a P-well 104 and a 
photosensitive area 106 thereon. The photosensitive area 
106 is surrounded by a shallow trench isolation (STI) 
structure 108. Furthermore, an N-doped region 110 is 
formed above the P-well 104 within the photosensitive 
area 106 by performing an ion implantation process. Be- 
cause the P-N junction at the interface between the P-well 
104 and the N-doped region 110 produces a depletion 
region 112, the depletion region 112 can be used as a 
sensing region for detecting the intensity of external light. 
However, the aforementioned photodiode 100 has a nar- 
row depletion region 112 and the depletion region 112 is 
located at a definite depth below the surface so that the 



signal/noise ratio is rather low. Ultimately, photodiode is 
unsuitable for sensing light at a shorter wavelength. 
[0009] Fig. 2 is a schematic cross-sectional of a portion of an- 
other conventional photodiode as disclosed in U.S. Patent 
No. 6,566,722. As shown in Fig. 2, a P-type substrate 202 
is provided and then a P-type epitaxial silicon layer 204 is 
formed over the substrate 202. Thereafter, a photolitho- 
graphic and an ion implantation process are carried out in 
sequence to form a plurality of first N-doped regions 206 
on the P-type epitaxial silicon layer 204. Finally, another 
photolithographic and ion implantation process are car- 
ried out in sequence to form a second N-doped region 
208 over the P-type epitaxial silicon layer 204 and the 
first N-doped regions 206. After performing the afore- 
mentioned steps, a plurality of trench-shaped first N- 
doped regions 206 is formed in the P-type epitaxial sili- 
con layer 204 so that the contact area between the first 
N-doped regions 206 and the P-type epitaxial silicon 
layer 204 is increased. With an increase in the area of the 
depletion region 210, the photodiode can have higher 
signal sensitivity. In addition, through the second N- 
doped region 208 on the P-type epitaxial silicon layer 
204, sensitivity of the photodiode with respect to light of 



a shorter wavelength is enhanced. However, an ion im- 
plantation process is still deployed in the fabrication of 
the photodiode so that the density of dopants within the 
depletion region 210 may fluctuate and affect the sensing 
accuracy. 

[0010] Fig. 3 is a schematic cross-sectional of a portion of an- 
other conventional photodiode as disclosed in U.S. Patent 
No. 6,611,037. As shown in Fig. 3, a P-type substrate 302 
is provided and then trenches 304a and 304b are formed 
in the substrate 302. Thereafter, an ion implantation pro- 
cess is carried out to form an N-doped region 306 in the 
interior sidewalls of the trenches 304a and 304b as well 
as the P-type substrate 302 between the trenches 304a 
and 304b. Next, an isolation layer 308 and a conductive 
layer 310 are sequentially formed over the N-doped re- 
gion 306. The interface between the N-doped region 306 
and the P-type substrate 302 produces a P-N junction 
having a trench-like depletion region 312 capable of in- 
creasing overall sensitivity of the photodiode. However, 
due to the shape of the trench, a multiple ion implantation 
operations with the ion beam in each operation set to a 
different angle must be carried out to form a uniform N- 
doped region 306. Ultimately, both the processing time 



and the production cost of the photodiode are increased. 
Summary of Invention 

[0011] Accordingly, the present invention is directed to a method 
of fabricating a photodiode capable of simplifying the 
fabrication steps and reducing production cost. 

[0012] According to an embodiment of the present invention, 
first, a well of a first conductive type and an isolation 
structure are formed in the substrate to define a photo- 
sensitive area. Thereafter, a plurality of trenches is formed 
in the substrate within the photosensitive area. A doped 
layer of a second conductive type is formed over the sub- 
strate such that the doped layer covers the interior wall of 
the trenches and the surface of the substrate within the 
photosensitive area. 

[0013] According to an embodiment of the present invention, an 
annealing process is also carried out after forming the 
doped layer of the second conductive type over the sub- 
strate. Through the annealing process, the dopants within 
the doped layer are activated and are migrated into the 
substrate to produce a junction between the first conduc- 
tive type and the second conductive type within the sub- 
strate. If the first conductive type is a P-doped material, 
then the second conductive type is an N-doped material. 



On the other hand, if the first conductive type is an N- 
doped material, then the second conductive type is a P- 
doped material. 

[0014] According to an embodiment of the present invention, af- 
ter forming the trenches but before forming the doped 
layer of the second conductive type, further includes 
forming a buffer layer over the substrate. The buffer layer 
covers the interior sidewalls of the trenches and the sur- 
face of the substrate within the photosensitive area. After 
forming the doped layer, an annealing operation can be 
carried out. Through the annealing operation, dopants 
within doped layer of the second conductive type are 
driven into the substrate so that the junction between the 
first conductive type and the second conductive type ma- 
terial is located in the substrate. Alternatively, through the 
annealing operation, the dopants within the doped layer 
of the second conductive type are driven into the buffer 
layer so that the junction between the first conductive 
type and the second conductive type material is located in 
the buffer layer. 

[0015] Accordingly, the photodiode of the present invention is 

fabricated by forming a plurality of trenches in a substrate 
of the first conductive type and then performing a chemi- 



cal vapor deposition process to form a doped layer over 
tlie sidewalls of the trench and a portion of the substrate. 
Because the substrate and the doped layer belongs to dif- 
ferent conductive types, a junction having a surrounding 
depletion region capable of sensing incident light inten- 
sity is formed. Since the present invention is able to pro- 
duce a depletion region with a larger area inside the pho- 
todiode, the photodiode can have higher sensitivity to the 
illumination level. In addition, the doped layer is formed in 
a chemical vapor deposition process instead of a conven- 
tional multi-stage ion implantation. Therefore, the 
method of the present invention is capable of producing a 
more uniform doped layer and reducing overall processing 
time. In other words, overall production efficiency is in- 
creased while the production cost is reduced. 
[0016] It Is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 



drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] Fig. 1 is a schematic cross-sectional view of a portion of a 

conventional photodiode. 
[0019] Fig. 2 is a schematic cross-sectional of a portion of an- 
other conventional photodiode. 
[0020] Fig. 3 is a schematic cross-sectional of a portion of yet 

another conventional photodiode. 
[0021] Figs. 4 through 9 are schematic cross-sectional views 

showing the steps of fabricating a photodiode according 

to the present invention. 
[0022] Fig. 10 is a schematic cross-sectional view of a portion of 

the photodiode fabricated according to the method of the 

present invention. 
[0023] Fig. 11 is a schematic cross-sectional view of a portion of 

another photodiode fabricated according to the method of 

the present invention. 
Detailed Description 

[0024] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 



drawings and the description to refer to tlie same or lilce 
parts. 

[0025] Figs. 4 througli 9 are scliematic cross-sectional views 

showing the steps of fabricating a photodiode according 
to the present invention. First, as shown in Fig. 4, a sub- 
strate 400 is provided. The substrate 400 can be a P-type 
or an N-type silicon substrate, for example. Thereafter, a 
well region 402 of a first conductive type is formed in the 
substrate 400. The well region 402 is formed, for exam- 
ple, by forming a mask layer (not shown) over the sub- 
strate 400 to define the well region 402 and then per- 
forming an ion implantation process to form the well re- 
gion 402 in the substrate 400. P-type dopants or N-type 
dopants can be used in the implantation to produce a P- 
type well or an N-type well 402. 

[0026] As shown in Fig. 5, an isolation structure 404 is formed in 
the substrate 400 to define a photosensitive area 406. 
The isolation structure 404 can be a shallow trench isola- 
tion (ST!) structure or a field oxide layer formed in a local 
oxidation of silicon (LOCOS) process, for example. The 
isolation structure 404 mainly serves as a barrier prevent- 
ing any portion of an induced current from diffusing into 
neighboring sensing devices or electronic devices to cause 



mutual interference. 

[0027] As shown in Fig. 6, a plurality of trenches such as 408a, 
408b, and 408c are formed in the substrate 400 within 
the photosensitive area 406. For example, a patterned 
mask layer (not shown) is formed over the substrate 400 
to define the locations of the trenches 408a, 408b and 
408c. Thereafter, an anisotropic etching operation is car- 
ried out using the patterned mask layer as an etching 
mask to form the trenches 408a, 408b and 408c within 
the photosensitive area 406. Finally, the mask layer over 
the photosensitive area 406 is removed. 

[0028] As shown in Fig. 7, a buffer layer 410 is formed over the 
photosensitive area 406 covering the interior sidewalls of 
the trenches 408a, 408b and 408c as well as the upper 
surface of the substrate 400. The buffer layer 410 is 
formed by polysilicon or epitaxial silicon in a chemical va- 
por deposition process, for example. It should be noted 
that the buffer layer 410 is optional. In other words, this 
particular step of forming the buffer layer 410 can be 
skipped without any effect on the operation of the photo- 
diode. 

[0029] As shown in Fig. 8, a doped layer 412 of a second con- 
ductive type is formed over the buffer layer 410. The 



doped layer 412 is polysilicon or epitaxial silicon formed 
by using a chemical vapor deposition process. For exam- 
ple, the doped layer 412 can be a doped polysilicon or a 
doped epitaxial silicon layer formed by performing a 
chemical vapor deposition process with in-situ doping. It 
should be noted that the second conductive type is a con- 
ductive type material that differs from the first conductive 
type material within the well region 402. In other words, if 
the well region 402 is an N-type material, the doped layer 
412 is a P-type material. Conversely, if the well region 
402 is a P-type material, the doped layer 412 is an N-type 
material. 

[0030] As shown in Fig. 9, an annealing operation is carried out. 
In this step, the presence or absence of the buffer layer 
will directly affect the outcome of the annealing operation. 
For example, if there is a buffer layer 410 between the 
well region 402 and the doped layer 412, the dopants 
within the doped layer 412 of the second conductive type 
will be driven into the buffer layer 410 after the annealing 
operation. Therefore, a junction 414 (a P-N junction) be- 
tween the second conductive type and the first conductive 
type material is formed within the buffer layer 410 as 
shown in Fig. 9. Obviously, if the second type dopants 



within tlie doped layer 412 are driven past tlie buffer layer 
410 into the well region 402, a P-N junction (not shown) 
is formed there instead. In addition, if the annealing oper- 
ation is performed in the absence of the buffer layer 410, 
the dopants within the doped layer 412 will migrate 
across its boundary into the well region 402 to form a P-N 
junction there. 

[0031] Fig. 10 is a schematic cross-sectional view of a portion of 
the photodiode fabricated according to the method of the 
present invention. Components in Fig. 10 identical to the 
ones in Figs. 4 through 9 are labeled identically. As shown 
in Fig. 10, one major aspect of the present invention is the 
etching of the substrate 400 to form the trenches 408a, 
408b and 408c in the substrate 400. Another aspect of 
the present invention is the performance of a chemical va- 
por deposition process to form the buffer layer 410 and 
the doped layer 412 on the inner walls of the trenches 
408a, 408b and 408c as well as a portion of the upper 
surface of the substrate 400. It should be noted that the 
buffer layer 410 and the annealing operation are optional 
and hence can be selectively applied. The buffer layer 410 
mainly serves as a buffer between the doped layer 412 
and the well region 402 in the substrate 400 so that the 



P-N junction 414 can be positioned within the buffer layer 
410 instead of the well region 402. However, even in the 
absence of the buffer layer 410 so that the doped layer 
412 contacts the substrate 400 directly, a P-N junction 
having an adjacent depletion region is still produced to 
provide the photodiode with a means of detecting exter- 
nal illumination. 

[0032] As shown in Fig. 10, a logic circuit area 416 is also formed 
over the substrate 400 outside the isolation structure 404 
enclosed photosensitive area 406. Inside the logic circuit 
area 416, an electronic device such as a reset transistor 
418 is disposed. The device within the logic circuit area 
416 is formed before etching out the trenches 408a, 408b 
and 408c in the substrate 400 or after all the aforemen- 
tioned steps have been completed, for example. Since a 
conventional technique of forming the reset transistor 418 
or related devices inside the logic circuit area 416 is de- 
ployed, detailed description is omitted. 

[0033] In Fig. 10, the doped layer 412 is a uniform thick layer 
over the buffer layer 410. However, the doped layer may 
completely fill all the trenches. Fig. 11 is a schematic 
cross-sectional view of a portion of another photodiode 
fabricated according to the method of the present inven- 



tion. As shown in Fig. 11, the buffer layer 510 is a uniform 
layer covering all the interior walls of the trenches 508a, 
508b and 508c as well as the surface of the substrate 500 
between the trenches 508a, 508b and 508c. The doped 
layer 512 covers the buffer layer 510 globally and com- 
pletely fills the trenches 508a, 508b and 508c. 
[0034] In summary, a plurality of trenches is formed in the sub- 
strate to increase the sensing area and hence the sensitiv- 
ity of the photodiode in the present invention. Further- 
more, a chemical vapor deposition process instead of ion 
implantation process is performed so that a more uniform 
doped layer is formed. Because the steps for forming the 
photodiode is also simplified, time for producing the pho- 
todiode is very much reduced. Consequently, overall pro- 
duction efficiency is increased while the production cost is 
reduced. 

[0035] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



